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LASER DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a laser device. More 
speci?cally, the present invention relates to a laser device the 
siZe of Which can be reduced entirely. 

2. Description of the Related Art 

Conventionally, an yttrium-aluminum-garnet (YAG) crys 
tal doped With neodymium (hereinafter, optionally referred 
to as “Nd:YAG”) has been knoWn as one of representative 
materials of a solid laser medium. In the yttrium-aluminum 
garnet (YAG) crystal With neodymium, neodymium (Nd) is 
added (hereinafter, optionally referred to as “doped”) as a 
laser active ion. 

This is because the NdzYAG crystal presents a variety of 
advantages When being used as a laser medium. 

Namely, the NdzYAG crystal has relatively large gain as 
a laser medium. Additionally, the NdzYAG crystal has a 
variety of advantages such as chemical and physical 
stability, high mechanical strength, high thermal 
conductivity, applicability to a high-poWer laser device, an 
established method of crystal groWth, and stable supply. 

Incidentally, in recent years, a semiconductor laser (LD) 
pumped solid state laser device has been used as a laser 
device, in Which a beam emitted from a laser diode is used 
as excited light, namely, excited light is emitted by semi 
conductor laser. 

In such a semiconductor laser (LD) pumped solid state 
laser, a large absorption coef?cient for pumping light is 
required as a characteristic of a laser crystal used as a laser 
medium. 

A semiconductor laser (LD) pumped solid state laser can 
be made smaller in siZe, such as a micro chip laser or a single 
longitudinal mode laser. HoWever, in order to efficiently 
doWnsiZe the semiconductor laser pumped solid state laser, 
it is necessary to use a laser crystal With a short absorption 
length for pumping light to largely absorb a beam from a 
laser diode in a short distance. For this reason, a laser crystal 
having a large absorption coefficient for pumping light is 
demanded as a laser medium. 

Here, regarding the NdzYAG crystal, When neodymium 
serving as a laser active ion is added, neodymium substitutes 
for an yttrium ion. HoWever, in a conventional art, a maxi 
mum concentration is an atomicity ratio of about 1.3% and 
neodymium is not added by substituting an ion at a concen 
tration higher than the maximum concentration. 

MeanWhile, With an yttrium vanadate (hereinafter, option 
ally referred to gas “YVO”) crystal, Which has been Widely 
used as a laser medium of a semiconductor laser (LD) 
pumped solid state laser device, it is possible to readily add 
neodymium serving as a laser active ion at a high 
concentration, an atomicity ratio of about 3%. 

Further, the NdzYAG crystal, in Which neodymium is 
added at a concentration of 1% in terms of atomicity ratio, 
has an absorption coefficient of about 8 cm_1. MeanWhile, 
regarding the yttrium vanadate crystal doped With neody 
mium (hereinafter, optionally referred to as “Nd:YVO4”), in 
Which neodymium is added at a high-concentration of 3% of 
an atomicity ratio, it is possible to obtain a high absorption 
coefficient of about 40 cm_1. 

Hence, regarding an absorption length required for 
absorbing 90% of excited light, i.e., a length of a crystal, the 
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2 
NdzYAG crystal With an absorption coefficient of about 8 
cm-1 requires a length of about 3 mm. MeanWhile, the 
NdzYVO4 crystal With an absorption coefficient of about 40 
cm-1 only requires a length of about 0.5 mm. 
As described above, the NdzYVO4 crystal is characteriZed 

by a large absorption coefficient, Which is required for the 
laser medium of a semiconductor laser (LD) pumped solid 
state laser device. On the other hand, the NdzYVO4 crystal 
presents a large number of disadvantages When being used 
as a laser medium. 

Namely, the NdzYVO4 crystal is less likely to release heat 
because its thermal conductivity is about one third that of the 
NdzYAG crystal. Moreover, on an upper laser level, the 
NdzYVO4 crystal has a short life time of 90” seconds as 
compared With the NdzYAG crystal, resulting in small strage 
of energy. Further, because of its optical anisotropy, the 
NdzYVO4 crystal is likely to be oscillated by speci?c 
polariZation and is susceptible to thermal distortion. Other 
disadvantages are further presented such as difficulty in 
forming a crystal. 

For this reason, the NdzYVO4 crystal is preferable as a 
laser medium used for the semiconductor laser (LD) pumped 
solid state laser With loW poWer and a small threshold value. 
HoWever, regarding a laser medium used for the semicon 
ductor laser (LD) pumped solid state laser With high poWer 
and a large threshold value for use in Working and so on, 
even though the siZe is increased, the NdzYAG crystal is 
used. Thus, the entire laser device is inevitably increased in 
siZe. 

Therefore, a proposal has been strongly demanded on a 
laser device being able to entirely reduce the siZe thereof for 
micro chip lasers and single longitudinal mode lasers. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

The present invention is devised to respond to the demand 
on the above-mentioned conventional art. An object of the 
present invention is to provide a laser device, Which has an 
excellent characteristic originally exerted by an yttrium 
aluminum-garnet crystal doped With neodymium and is 
reduced in siZe by using an entirely doWnsiZed laser 
medium. 

In order to attain the above object, the present invention 
provides a laser device comprising a laser medium disposed 
in a resonator, in Which excited light is incident upon the 
laser medium so as to cause laser oscillation in the resonator, 
and laser is emitted from the resonator, the laser medium 
being an yttrium-aluminum-garnet single crystal, in Which 
neodymium is added as a laser active ion at a concentration 
exceeding an atomicity ratio of 1.3%. 

Therefore, according to the present invention, the yttrium 
aluminum-garnet single crystal, in Which neodymium is 
added as a laser active ion at a concentration exceeding 1.3% 
in terms of atomicity ratio, is used as a laser medium. With 
such a laser medium composed of the yttrium-aluminum 
garnet single crystal, in Which neodymium is added at a high 
concentration, it is possible to obtain a high absorption 
coefficient relative to excited light. Thus, it is possible to 
provide an excellent characteristic originally exerted by the 
yttrium-aluminum-garnet crystal doped With neodymium 
and to entirely reduce the siZe thereof, thereby entirely 
doWnsiZing the laser device. 

In this case, in the above laser medium, the above 
neodymium may be added at a concentration of from 2% to 
3% in terms of atomicity ratio. 

Further, the excited light may be emitted by semiconduc 
tor lasers. 
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Moreover, the semiconductor laser excitation may be, for 
example, longitudinal excitation or transverse excitation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will become more fully understood 
from the detailed description given hereinbeloW and the 
accompanying draWings Which are given by Way of illus 
tration only, and thus are not limitative of the present 
invention, and Wherein: 

FIG. 1 is a diagram shoWing an electric furnace for 
groWth of a laser crystal used for a laser device according to 
an embodiment of the present invention. 

FIG. 2 is a graph shoWing a measurement result on an 
absorption spectrum that Was measured by the inventor of 
the present application. An absorption spectrum is measured 
by a spectrophotometer around 810 nm, regarding an 
NdzYAG single crystal doped With Nd at an atomicity ratio 
of 2% (in FIG. 2, represented by “2 at %”) and an NdzYAG 
single crystal doped With Nd at an atomicity ratio of 3% (in 
FIG. 2, represented by “3 at %”), With a thickness (t) of 1 
mm (t=1 An abscissa axis represents an optical density 
and an ordinate axis represents a Wavelength. 

FIG. 3 is a table shoWing an absorption peak relative to 
light used as excited light of laser diode excitation having a 
peak Wavelength of 808.85 nm, by the case of using the 
NdzYAG single crystal doped With Nd at an atomicity ratio 
of 2% (represented as “2 at %” in FIG. 3) and that doped 
With Nd at an atomicity ratio of 3% (represented as “3 at %” 
in FIG. 3) as laser mediums of the semiconductor laser (LD) 
pumped solid state laser device according to the graph of 
FIG. 2. 

FIG. 4 is an explanatory drawing schematically showing 
the construction of a laser device for performing a pulse 
oscillation operation, of laser devices constituted by using a 
YAG single crystal With high-concentration Nd as a laser 
medium. 

FIGS. 5(a) and 5(b) are graphs shoWing experimental 
results obtained by the inventor of the present application. 
FIG. 5(a) is a graph shoWing an input/output characteristic 
in the case Where an NdzYAG single crystal doped With Nd 
at an atomicity ratio of 2% is used as a YAG single crystal 
With high-concentration Nd in the laser device of FIG. 4. 
Also, FIG. 5(b) is a graph shoWing an input/output charac 
teristic in the case Where an NdzYAG single crystal doped 
With Nd at an atomicity ratio of 3% is used as a YAG single 
crystal With high-concentration Nd in the laser device of 
FIG. 4. Incidentally, in the graphs of FIGS. 5(a) and 5(b), an 
abscissa axis represents absorbed poWer, O marks on an 
ordinate axis represent output poWer, and I marks on the 
ordinate axis represent energy e?iciency on each point. 

FIG. 6 is an explanatory draWing schematically shoWing 
the construction of a laser device performing a CW 
(continuous Wave) oscillation operation, of laser devices 
constituted by using a YAG single crystal With high 
concentration Nd as a laser medium. 

FIG. 7 is a graph shoWing an emission spectrum of a laser 
diode With an injected current of 2 A in the laser device of 
FIG. 6. 

FIGS. 8(a) and 8(b) are graphs shoWing experimental 
results obtained by the inventor of the present application. 
FIG. 8(a) is a graph shoWing an input/output characteristic 
in the case Where an NdzYAG single crystal doped With Nd 
at an atomicity ratio of 2% is used as a YAG single crystal 
With high-concentration Nd in the laser device of FIG. 6. 
Also, FIG. 8(b) is a graph shoWing an input/output charac 
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4 
teristic in the case Where an NdzYAG single crystal doped 
With Nd at an atomicity ratio of 3% is used as a YAG single 
crystal With high-concentration Nd in the laser device of 
FIG. 6. Incidentally, in the graphs of FIGS. 8(a) and 8(b), an 
abscissa axis represents absorbed poWer, O marks on an 
ordinate axis represent output poWer, and I marks on the 
ordinate axis represent energy e?iciency on each point. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Hereinafter, an embodiment of a laser device according to 
the present invention Will be described in detail With refer 
ence to the accompanying draWings. 

First, FIG. 1 is a diagram shoWing an electric furnace for 
groWth of a laser crystal used for a laser device according to 
an embodiment of the present invention. An electric furnace 
10 is provided for forming an yttrium-aluminum-garnet 
single crystal doped With neodymium as a laser medium, the 
crystal being formed by adding neodymium With a high 
concentration according to a crystal forming method 
referred to as TGT method (Temperature Gradient 
Technique). 
The electric furnace 10 is constituted such that a molyb 

denum crucible 16 is covered With a graphite heater 14, 
Which is coated With a molybdenum heat partition 12, so as 
to maintain a high temperature around the crucible 16. 

On the loWer part of the graphite heater 14, electrodes and 
the bottom of the crucible 16 are cooled by a Water-cooling 
rod 18 so as to achieve temperature gradient in the electric 
furnace 10. Namely, setting is made such that a temperature 
is high on the upper part of the crucible 16 and loW on the 
bottom thereof. 

Here, a seed crystal 20 is disposed on the bottom of the 
crucible 16, and a YAG crystal groWs With the seed crystal 
20 serving as a nucleus. 

According to CZochralski method (CZ method), Which is 
an ordinary method of groWing melt, a solid/melt interface 
is exposed so as to be susceptible to an external change in 
temperature. HoWever, according to TGT method using the 
electric furnace 10, a solid/melt interface is covered With 
melt. Thus, the in?uence of an external change in tempera 
ture is largely relieved before reaching the interface, so that 
the interface is less susceptible to the in?uence of an external 
change in temperature as compared With the above 
mentioned CZ method. 

Also, according to CZ method, a temperature decreases 
from the bottom to the upper part of a crucible. MeanWhile, 
as earlier mentioned, according to TGT method using the 
electric furnace 10, a temperature increases from the bottom 
to the upper part of the crucible 16. Therefore, convection of 
melt in CZ method can be remarkably reduced by TGT 
method. 

As described above, according to TGT method, a solid/ 
melt interface is less susceptible to the in?uence of an 
external change in temperature and convection of melt liquid 
can be suppressed in the crucible 16. Hence, it is possible to 
groW a crystal in a stable manner and reduce segregation. 

A crystal is groWn by the above-mentioned TGT method. 
It is therefore possible to form an yttrium-aluminum-garnet 
single crystal, in Which neodymium is added as a laser active 
ion at a concentration exceeding an atomicity ratio of 1.3%. 
The resulted crystal is used as a laser medium. 

Namely, by groWing a crystal by TGT method, it is 
possible to form crystals such as an NdzYAG single crystal 
doped With Nd at an atomicity ratio of 2%, and that doped 
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With Nd at an atomicity ratio of 3%. The crystals can be used 
as laser mediums. 

FIG. 2 shoWs a measurement result of an absorption 
spectrum measured by the inventor of the present 
application, regarding the NdzYAG single crystals doped 
With Nd at an atomicity ratio of 2% and at an atomicity ratio 
of 3%, the crystals being formed in the foregoing manner. 

Namely, FIG. 2 is a graph shoWing a measurement result 
on an absorption spectrum that Was measured by the inven 
tor of the present application by means of a spectrophotom 
eter around 810 nm, regarding the NdzYAG single crystal 
doped With Nd at an atomicity ratio of 2% Which is doped 
With Nd at an atomicity ratio of 2%, (in FIG. 2, represented 
by “2 at %”. Here, in FIG. 3 and later, “2 at %” represents 
the NdzYAG single crystal doped With Nd at an atomicity 
ratio of 2%.), and the NdzYAG single crystal Which is doped 
With Nd at an atomicity ratio of 3% (in FIG. 2, represented 
by “2 at %”. Here, in FIG. 3 and later, “3 at %” represents 
the NdzYAG single crystal doped With Nd at an atomicity 

ratio of 3%.), With a thickness (t) of 1 mm (t=1 Additionally, in FIG. 2, an ordinate axis represents an optical 

density and an abscissa axis represents a Wavelength. 
Further, FIG. 3 is a table shoWing an absorption peak 

relative to light used as excited light in laser diode excitation 
With a peak Wavelength of 809 nm, in the case Where the 
above NdzYAG single crystals are used as laser mediums of 
the semiconductor laser (LD) pumped solid state laser 
device. 
As shoWn in the table of FIG. 3, at an absorption peak, an 

absorption coefficient is 21.6 cm-1 in the case of the 
NdzYAG single crystal doped With Nd at an atomicity ratio 
of 2%, and an absorption coef?cient is 32.1 cm-1 in the case 
of the NdzYAG single crystal doped With Nd at an atomicity 
ratio of 3%. 

Here, it has been Widely knoWn that an absorption coef 
?cient at an absorption peak is 11 cm'1 in the case of an 
NdzYAG crystal doped With Nd at an atomicity ratio of 1%. 
Thus, in the case of the NdzYAG single crystal doped With 
Nd at an atomicity ratio of 2%, it is possible to obtain an 
absorption coefficient substantially tWice that of the 
NdzYAG single crystal doped With Nd at an atomicity ratio 
of 1%. In the case of the NdzYAG single crystal doped With 
Nd at an atomicity ratio of 3%, it is possible to obtain an 
absorption coef?cient substantially triple that of the 
NdzYAG single crystal doped With Nd at an atomicity ratio 
of 1%. 

Therefore, regarding the an NdzYAG single crystals 
doped With Nd at an atomicity ratio of 2% and 3%, it is 
possible to remarkably shorten an absorption length required 
for absorbing 90% of excited light, i.e., a length of a crystal, 
as compared With the NdzYAG single crystal doped With Nd 
at an atomicity ratio of 1%. 

Moreover, the NdzYAG single crystal doped With Nd at an 
atomicity ratio of 3% is slightly larger in bandWidth than the 
NdzYAG single crystal doped With Nd at an atomicity ratio 
of 2%. The same holds for other peak Wavelengths as Well 
as a peak Wavelength of 809 nm. 

The folloWing Will discuss a laser device constituted by 
using an NdzYAG single crystal as a laser medium. In the 
NdzYAG single crystal, Nd is added as a laser active ion at 
a concentration exceeding an atomicity ratio of 1.3%, like a 
crystal such as an NdzYAG single crystal doped With Nd at 
an atomicity ratio of 2% or 3%. 

Incidentally, for simple explanation, the foregoing 
NdzYAG single crystal is generically referred to as a “YAG 
single crystal With high-concentration Nd”, in Which Nd is 
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6 
added as a laser active ion at a concentration exceeding an 
atomicity ratio of 1.3%, like NdzYAG single crystals doped 
With Nd at an atomicity ratio of 2% and 3%. 

First, FIG. 4 shoWs a laser device performing a pulse 
oscillation operation, of laser devices constituted by using 
the YAG single crystal With high-concentration Nd as a laser 
medium. 
A laser device 100 shoWn in FIG. 4 is constituted by a 

YAG single crystal 102 With high-concentration Nd serving 
as a laser medium, a titanium sapphire laser 104 for gener 
ating excited light, total re?ection mirrors 106 and 108, a 
condenser lens 110, and an emitting mirror 112. 

Here, the titanium sapphire laser 104 is an exciting laser, 
Which serves as an excited light source for generating 
excited light for performing the pulse oscillation operation. 
The titanium sapphire laser 104 has a Wavelength of 808.6 
nm, a maximum output poWer of 40 mW on average, and a 
pulse Width of 80 ns With a repetition frequency of 1 kHZ. 

Further, the YAG single crystal 102 With high 

concentration Nd is cut into a siZe of “5 mm(L) 5 1 mm(T)”. A ?rst surface 102a opposing the titanium 

sapphire laser 104 is coated so as to totally re?ect light With 
a Wavelength of 1064 nm but not to re?ect light With a 
Wavelength of 809 nm. A second surface 102b opposing the 
emitting mirror 112 is coated so as not to re?ect light With 
a Wavelength of 1064 nm. 

Moreover, on the emitting mirror 112, a surface opposing 
the YAG single crystal 102 With high-concentration Nd is 
formed as a concave surface 112a Whose radius of curvature 
is 50 mm, and the other surface is formed as a ?at surface 
112b. Additionally, coating is made on the concave surface 
112a so as to have a re?ectivity of 90% for light With a 
Wavelength of 1064 nm and the concave surface 112a is 
con?gured as a concave mirror. MeanWhile, coating is not 
made on the ?at surface 112b. 

Additionally, the condenser lens 110 is made of fused 
quartZ glass With a focal length of 100 mm. 

Therefore, in the laser device 100, a resonator is consti 
tuted by the ?rst surface 102a and the concave surface 112a, 
and the YAG single crystal 102 With high-concentration Nd 
is disposed as a laser medium in the resonator. Additionally, 
a cavity length of the resonator is set at 3 mm. 

In the above construction, excited light emitted from the 
titanium sapphire laser 104 is incident upon the condenser 
lens 110 via the total re?ection mirrors 106 and 108, and 
then, the condenser lens 110 converges and emits excited 
light into the YAG single crystal 102 With high 
concentration Nd. 
With this arrangement, laser oscillation occurs in the 

resonator and laser light is emitted from the ?at surface 112b 
of the emitting mirror 112. 

FIGS. 5(a) and 5(b) are graphs shoWing experimental 
results obtained by the inventor of the present application. 
FIG. 5(a) is a graph shoWing an input/output characteristic 
in the case Where an NdzYAG single crystal doped With Nd 
at an atomicity ratio of 2% is used as the YAG single crystal 
102 With high-concentration Nd in the laser device 100 of 
FIG. 4. Also, FIG. 5(b) is a graph shoWing an input/output 
characteristic in the case Where an NdzYAG single crystal 
doped With Nd at an atomicity ratio of 3% is used as the 
YAG single crystal 102 With high-concentration Nd in the 
laser device 100 of FIG. 4. 

Additionally, in the graphs of FIGS. 5(a) and 5(b), an 
abscissa axis represents absorbed poWer, . marks on an 
ordinate axis represent output poWer, and I marks on the 
ordinate axis represent energy ef?ciency on each point. 
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Moreover, regarding the NdzYAG single crystal doped 
With Nd at an atomicity ratio of 2%, it is possible to obtain 
an oscillation threshold value of 5.9 mW and output poWer 
of 13 mW relative to absorbed poWer of 26 mW. Maximum 
ef?ciency of 50% can be achieved on this point. Slope 
ef?ciency reaches 65%, namely, quantum ef?ciency reaches 
86%. 

MeanWhile, the NdzYAG single crystal doped With Nd at 
an atomicity ratio of 3% has a slightly higher oscillation 
threshold value of 7.4 mW, and maximum ef?ciency is 43% 
at excitation of 30 mW. Slope ef?ciency is 52%. 

Next, FIG. 6 shoWs a laser device performing a CW 
(continuous Wave) oscillation operation, of laser devices 
constituted by using a YAG single crystal With high 
concentration Nd as a laser medium. The laser device of 
FIG. 6 is con?gured as a semiconductor laser (LD) pumped 
solid state laser device. 

Here, in the construction of the laser device shoWn in FIG. 
6, the components being identical or corresponding to those 
of the laser device 100 of FIG. 4 are denoted by the same 
reference numerals used in FIG. 4. The detailed description 
thereof is omitted on the construction and effects. 

A laser device 200 of FIG. 6 is constituted by a YAG 
single crystal 102 With high-concentration Nd serving as a 
laser medium, a laser diode 202 serving as an excited light 
source for generating a beam as excited light, a heat sink 204 
for heating the laser diode 202, a gradient index lens 206 for 
converging and emitting a beam, Which is emitted as excited 
light from the laser diode 202, into the YAG single crystal 
102 With high-concentration Nd, and an emitting mirror 208. 

Here, the laser diode 202 is a 200-pm single stripe laser 
diode that is made of GaAs/GaAlAs With a Wavelength of 
809 nm at 25 C., and its maximum output poWer is 2 W. 

Also, the heat sink 204 is composed of a copper block and 
is Water-cooled. 

Furthermore, on the emitting mirror 208, a surface oppos 
ing the YAG single crystal 102 With high-concentration Nd 
is formed as a concave surface 208a Whose radius of 
curvature is 750 mm, and the other surface is formed as a ?at 
surface 208b. Additionally, coating is made on the concave 
surface 208a so as to have a re?ectivity of 95% for light With 
a Wavelength of 1064 nm, and the concave surface 208a is 
con?gured as a concave mirror. MeanWhile, coating is not 
made on the ?at surface 208b. 

Additionally, the gradient index lens 206 is 1.8 mm in 
diameter. 

Therefore, in the laser device 200, a resonator is consti 
tuted by the ?rst surface 102a and the concave surface 208a. 
The YAG single crystal 102 With high-concentration Nd is 
disposed as a laser medium in the resonator. Here, a cavity 
length of the resonator is set at 3 mm. 

Moreover, semiconductor laser excitation in the laser 
device 200 is longitudinal excitation, in Which excited light 
is incident on the YAG single crystal 102 With high 
concentration Nd serving as a laser medium, in a direction 
that substantially conforms to an optical axis of light recip 
rocating in the resonator by laser oscillation. 

Further, FIG. 7 shoWs an emission spectrum of the laser 
diode 202 With an injected current of 2 A. A line Width of 
emission is about 1.2 mm. The larger injected current, a peak 
of the emission spectrum is shifted to a longer Wavelength 
and a line Width is increased. In the experiment conducted 
by the inventor of the present application, a temperature of 
the laser diode 202 is set so as to achieve maximum 
absorption at a maximum current of 2A. Also, in the 
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8 
experiment conducted by the inventor of the present 
application, optimiZation is not performed according to an 
injected current. 

According to the above construction, When a beam serv 
ing as excited light from the laser diode 202 is incident upon 
the gradient index lens 206, the gradient index lens 206 
converges and emits the beam into the YAG single crystal 
102 With high-concentration Nd. 

Therefore, laser oscillation occurs in the resonator and 
laser light is emitted from the ?at surface 208b of the 
emitting mirror 208. 

FIGS. 8(a) and 8(b) are graphs shoWing experimental 
results obtained by the inventor of the present application. 
FIG. 8(a) is a graph shoWing an input/output characteristic 
in the case Where an NdzYAG single crystal doped With Nd 
at an atomicity ratio of 2% is used as the YAG single crystal 
102 With high-concentration Nd in the laser device 200 of 
FIG. 6. Also, FIG. 8(b) is a graph shoWing an input/output 
characteristic in the case Where an NdzYAG single crystal 
doped With Nd at an atomicity ratio of 3% is used as the 
YAG single crystal 102. With high-concentration Nd in the 
laser device 200 of FIG. 6. 

Additionally, in the graphs of FIGS. 8(a) and 8(b), an 
abscissa axis represents absorbed poWer, . marks on an 
ordinate axis represent output poWer, and I marks on the 
ordinate axis represent energy ef?ciency on each point. 

Moreover, regarding the NdzYAG single crystal doped 
With Nd at an atomicity ratio of 2%, it is possible to obtain 
an oscillation threshold value of 110 mW and maximum 
ef?ciency of 44% relative to absorbed poWer of 550 mW. 
Slope ef?ciency reaches 56%, namely, quantum ef?ciency 
reaches 74%. 

MeanWhile, the NdzYAG single crystal doped With Nd at 
an atomicity ratio of 3% has a slightly higher oscillation 
threshold value of 240 mW and maximum ef?ciency of 32% 
at excitation of 760 mW. Further, slope ef?ciency is 52%. 
As earlier mentioned, regarding the NdzYAG single crys 

tal doped With Nd at a high concentration, an absorption 
coef?cient at an absorption peak of 809 nm increases in 
proportion to a doping concentration. Regarding the 
NdzYAG single crystal doped With Nd at an atomicity ratio 
of 2%, it is possible to obtain a value substantially tWice that 
of an NdzYAG single crystal doped With Nd at an atomicity 
ratio of 1%. Moreover, regarding the NdzYAG single crystal 
doped With Nd at an atomicity ratio of 3%, it is possible to 
obtain a value substantially triple that of the NdzYAG single 
crystal doped With Nd at an atomicity ratio of 1%. 

In other Words, With the NdzYAG single crystal doped 
With Nd at a high concentration, a high absorption coef? 
cient can be obtained for excited light. Hence, the NdzYAG 
single crystal doped With Nd at a high concentration can be 
substantially equal in absorption length to an NdzYVO4 
single crystal doped With Nd at an atomicity ratio of 1%. 

Therefore, according to the laser device, in Which the 
NdzYAG single crystal doped With Nd at a high concentra 
tion is used as a laser medium, it is possible to provide an 
excellent characteristic originally exerted by an NdzYAG 
crystal and to entirely reduce the siZe of the device. 

Moreover, With the laser device, Which is doWnsiZed as a 
semiconductor laser (LD) pumped solid state laser device by 
using the NdzYAG single crystal doped With Nd at a high 
concentration as a laser medium, it is possible to consider 
ably increase conversion ef?ciency from electricity to light, 
as compared With a conventional laser device With lamp 
excitation and to readily achieve a single longitudinal mode. 
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Additionally, the above-mentioned embodiments can be 
modi?ed as Will be described in (1) to 

(1) The foregoing embodiments described the case Where 
neodymium is added to an yttrium-aluminum-garnet single 
crystal at an atomicity ratio of 2% or 3%. Certainly, the 
present invention is not limited thereto, so that it is only 
necessary to set a high concentration exceeding an atomicity 
ratio of 1.3% regarding neodymium added to the yttrium 
aluminum-garnet single crystal. The concentration is pref 
erably 1.5% or more, more preferably 1.8% or more, and 
still further preferably 2 or 3%. 

(2) In the foregoing embodiments, semiconductor laser 
excitation is longitudinal excitation. Certainly, the present 
invention is not limited thereto. Thus, semiconductor laser 
excitation may be made by transverse excitation in Which 
excited light is incident upon a laser medium in a direction 
substantially perpendicular to an optical axis of light recip 
rocating in the resonator by laser oscillation. 

(3) In the foregoing embodiments, TGT method 
(Temperature Gradient Technique) is used as a method for 
forming an yttrium-aluminum-garnet single crystal as a laser 
medium, in Which neodymium is added at a high concen 
tration. HoWever, the present invention is not limited 
thereto, so that the foregoing CZ method may also be 
applicable. Furthermore, it is also possible to adopt a variety 
of methods such as Bridgman method, laser ablation 
method, ?oating Zone method, and laser-heated pedestal 
method. 

(4) The foregoing embodiments and variations (1) to (3) 
may be combined With one another if necessary. 

With the above-mentioned construction, the present 
invention is greatly effective at providing a laser device, 
Which has an excellent characteristic originally exerted by 
an yttrium-aluminum-garnet crystal doped With neodymium 
and is entirely reduced in siZe by using an entirely doWn 
siZed laser medium. 

It Will be appreciated by those of ordinary skill in the art 
that the present invention can be embodied in other speci?c 
forms Without departing from the spirit or essential charac 
teristics thereof. 

The presently disclosed embodiments are therefore con 
sidered in all respects to be illustrative and not restrictive. 
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10 
The scope of the invention is indicated by the appended 
claims rather than the foregoing description, and all changes 
that come Within the meaning and range of equivalents 
thereof are intended to be embraced therein. 

The entire disclosure of Japanese Patent Application No. 
2000-34109 ?led on Feb. 10, 2000 including speci?cation, 
claims, draWings and summary are incorporated herein by 
reference in its entirety. 
What is claimed is: 
1. A laser device comprising a laser medium disposed in 

a resonator, in Which excited light is incident upon said laser 
medium so as to cause laser oscillation in said resonator, and 
laser light is emitted from said resonator, Wherein: 

said laser medium is an yttrium-aluminum-garnet single 
bulk crystal With neodymium added as a laser active 
ion at a concentration exceeding an atomicity ratio of 
1.8%. 

2. The laser device according to claim 1, Wherein: 
said neodymium is added to said laser medium at a 

concentration of from 2% to 3% in terms of atomicity 
ratio. 

3. The laser device according to claim 2, Wherein: 
said excited light is emitted by semiconductor laser exci 

tation. 
4. The laser device according to claim 3, Wherein: 
said semiconductor laser excitation is longitudinal exci 

tation. 
5. The laser device according to claim 3, Wherein: 
said semiconductor laser excitation is transverse excita 

tion. 
6. The laser device according to claim 1, Wherein: 
said excited light is emitted by semiconductor laser exci 

tation. 
7. The laser device according to claim 6, Wherein: 
said semiconductor laser excitation is transverse excita 

tion. 
8. The laser device according to claim 6, Wherein: 
said semiconductor laser excitation is longitudinal exci 

tation. 


